A cap-containing o1igonucleotide has been isolated from a T^ ribonuclease hydrolysate of total Simian Virus 40-specific late RNA and its structure has been determined as G(5')ppp(5') AmpU(m)pUp(Up,Cp)ApGp. This oligonucleotide constitutes the major 5' terminus of both late mRNA species, I6S and 19S. Assuming that viral mRNA "caps" are derived from a 5'-terminal triphosphate or diphosphate, these results mean that late transcription is (mainly) initiated at nucleotide L 308 (numbering system of Simian Virus 40 DNA, cf. Fiers et al. (1978) Nature, 273, 113-120). The cap is followed by a contiguous leader sequence which is at least 194 nucleotides long.
INTRODUCTION
Simian Virus 40 (SV40) RNA is capped (1) , and the cap structures of the viral late mRNAs have been characterized in detail (2, 3) . At least 70 % of the SV40 late, cytoplasmic mRNAs start with either 7-methyl-guanosine-5'-triphosphoryl-5'-6,2'-dimethyladenylyl-uridylic acid or 7-methyl-guanosine-5'-triphosphory1-5'-6,2'-dimethyladenylyl-2'-methyl uridyly1-uridylic acid, the latter being relatively enhanced in the 16S mRNA species (2) .
Furthermore, the SV40 late mRNAs are spliced, consisting of a 5'-terminal untranslated leader segment of about 150-200 nucleotides joined covalently to the coding portion of the RNAs (4-9).
In the case of 16S RNA, the approximate localization of the leader sequence on the genome has been established by direct structural analysis (8, 9) , but no information was obtained as to which site on the genome actually corresponded to the capped 5' end of the leader sequence, nor had a capped T. oligonucleotide been detected in the ribonuclease T. fingerprints of the entire 16S RNA molecule or the isolated leader segment.
In the present study we report the isolation of a cap-containing oligonucleotide from T.. digests of SV4O-specific, cytoplasmic late mRNA. This information plus supplementary data on T. oligonucleotides present in the mRNA digest in correlation with the primary nucleotide sequence of the SV4O genome allowed us to localize the 5' terminus of the untranslated leader sequence at nucleotide L 308 (numbering system as in ref. 10 ).
MATERIALS AND METHODS

Highly
P-labeled SV40 late mRNA was isolated from SV40-infected CV-1 monkey cells and purified from the cytoplasmic extract by oligo (dT)-eellulose selection and hybridization to SV40 DNA-Sepharose as described previously (2) . The peak eluted with the sorbitol-containing buffer was collected, desalted, and fingerprinted as described in Materials and Methods. An autoradiograph of the two-dimensional fractionation is shown in Fig. 2 together with a regular fingerprint of 7000 1000 Figure 1 : Elution profile of the DBAE-cellulose chromatography. 32 ( P)-labeled, SV4O-specific, cytoplasmic mRNA was digested with ribonuclease T.. , and after dilution with "starting buffer" (0.6 M K C 1 , 0.05 M morpholine-HC1 buffer, pH 8.5, 20 % e t h a n o l ) , loaded onto a DBAE-cellulose column.
The first peak to the left corresponds to non-bound material that runs through the column (the radioactivity corresponds to the left o r d i n a t e ) . The more expanded scale at the right applies to the remainder of the elution pattern. The successive elutions are indicated by arrows : (a) T^ hydrolysate of carrier yeast RNA diluted with starting buffer, (b) "starting solution" containing in addition 0.1 M sorbitol, and (c) 0.2 M N a C l , 0.05 M sodium acetate (pH 5 ) . total SV4O late mRNA. As the 19S mRNA is only a minor species, all the major spots present in the latter fingerprint are derived from the 16S mRNA ( 8 ) . Although the normal, 16S mRNA type T. pattern is recognizable in the sorbitol peak from the DBAEcellulose chromatography, a discrete set of new products can readily be seen. All the spots were further characterized by double digestion with pancreatic ribonuclease and at least 6 contained the previously characterized 5' cap structure (vide infra, Fig. 4 ) . No structural difference between these spots was evident from the ribonuclease-A analysis. H e n c e , the resolution between this variety of spots (at least 6 were resolved) is presumably due to the procedures used and does not necessarily indicate different oligonucleotides. A similar occurrence of doubled spots in the first (i.e., the electrophoretic) dimension has recently also been described for the capped 5' terminus of adenovirus-2 late mRNAs isolated by chromatography on DBAE-cellulose ( 1 2 , 1 5 ) . The authors suggested that the spot doubling The analysis of such a fingerprint has been described in a previous publication ( 8 ) . As the 19S RNA represents at most 20 % of the viral late RNA, the 19S-specific oligonucleotides are hardly visible; and (b) material derived from a similar T.. hydrolysate as in ( a ) , but which was retained on a DBAE-cellulose column and was eluted with the sorbitol-containing buffer. Spots indicated by an arrow were shown upon enzymic analysis to contain the cap structure (5 of them were rather well-defined spots, while the 6th had a streaked appearance). might perhaps be caused by a different degree of methylation at the N position of the adenosine residue of the cap. However, this explanation is not applicable to our observations because only the 6,2'-doubly-methy la ted adenosine was found to be part of the SV40 cap structure in our preparations ( 2 ) . Moreover, singly-or doubly-methylated adenosine residues are not expected to give any resolution in the corresponding cap structures upon electrophoretic fractionation at pH 3.5 (3, (16) (17) (18) . Also, the apparent heterogeneity in the second (i.e., chromatographic) d imension is primarily not due to a difference in composition, as shown by analysis with nucleases, but is largely caused by an artifact which arises in the separation of polyphosphate groups by homochromatography on PEI cellulose. Indeed, nuclease Pgenerated cap structures of cellular mRNA were separated two-dimensionally on PEI cellulose: the first fractionation was by electrophoresis on cellulose acetate and the separated components were transferred to the PEI plate by reversed blotting; the second dimension was developed either by ion-exchange chromatography (2) or by displacement chromatography with homomixture 3 ( 1 3 ) .
H o w e v e r , although the first dimension was identically clean in both cases, displacement chromatography with the homomixture resulted in a streaked appearance whereas the pattern obtained by ion-exchange chromatography remained clean (our unpublished res u l t s ) . Nevertheless, the larger and more complex cap-containing T. oligonucleotide derived from SV4O RNA could only be resolved satisfactorily by the system illustrated in Fig. 2 . Ring opening of the 7-methyl G and 2'-0 methylation of the second residue can explain only part of the diversity observed; alternate spatial configuration in the polyphosphate-containing compounds (19) may also be involved. nuclease which released the following products: pU and to a lesser extent 2'-0-methyl-uridine-5'-phosphate ( p U m ) ; inorganic phosphate ( P i ) , derived from the 3'-terminal nucleotide; and other undegraded products which in the system typically moved as cap structures (Fig. 4 ) . These analyses point to an oligonucleotide which contains a mixed population of cap structures I and II, identified previously (2), and furthermore the doubledigestion products Cp, Up and ApGp. We conclude from these analyses that the cap-containing T. oligonucleotide has the struc- Therefore, the 5' end must extend further counterclockwise from nucleotide 343 (Fig. 5 ) . The preceding oligonucleotides were presumably also present, but they were not considered to be discriminative, e.g., the T 1 products CpCpGp (n° 020) and CpCpApGp mRNA, but each time it is present as a different sequence isomer.
Fortunately, these can easily be distinguished by analysis with UCAGG.CCAUG.G.CU 
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. . No capped oligonucleotide had so far been found upon analysis of all the main T. products present in the fingerprint of 16S mRNA, although the various T. oligonucleotides derived from the leader fragment were all present in molar amounts (8) . From the present study, however, we learned that the cap-containing oligonucleotide appears on such fingerprints in a series of related spots, a diversity which presumably originates from artifacts (e.g., abnormal chromatographic mobility due to the polyphosphate segment). Each of these individual spots must have been considerably submolar compared to the regular products. The radioactivity counts were too low to accurately determine whether the sum of the 5 to 6 cap-containing oligonucleotides represents one molar equivalent. We had previously reported that the caps of the viral late RNAs are present in 0.5 molar ratio only (2).
Moreover, after we realized that the presumably unique, cap-containing T. oligonucleotide was dispersed over at least 5 to 6 spots, the site of these spots in a normal T. fingerprint of 16S mRNA was rigorously reinvestigated, and evidence was obtained that, indeed, the capped oligonucleotide could be recovered from this particular area of the plate (data not shown). The only enzymic mechanisms of cap-formation which have so far been identified in eukaryotic cells involve modification of 5' triphosphate or diphosphate termini (26) . There is no unambiguous evidence that the latter can be generated also from processed 5' ends. Therefore, the possibility should be seriously considered that caps correspond really to initiation points of transcription (26, 27) . If so, we have identified the major start of SV40 late RNA transcription.
In the case of prokaryotes, the initiation of transcription takes place at a distance of 6 to 7 nucleotides from a segment of 7 nucleotides which are rather well conserved in all promotors.
On this basis, it could be proposed that the region on the SV40 genome before nucleotide L 308 corresponds to an eukaryotic promoter. This region would then be recognized by RNA polymerase II, which is responsible for all SV40-directed transcription.
However, there are several reasons to believe that the situation may be more complex. First, it is well known that the start of late transcription depends on the initiation of DNA replication, and therefore the late transcriptional initiation complex may 
